Objective: We examined risk factors of smoking and the association between smoking and pregnancy-related and 6-month infant mortality in rural Nepal, where 30% women reported smoking during pregnancy. Design: Cross-sectional analysis of risk factors associated with smoking status and health consequences of smoking, using prospective data collected as part of a randomized community trial to examine the effect of maternal vitamin A or b-carotene supplementation on maternal mortality. Setting: Rural, southeastern plains of Nepal. Subjects and methods: A total of 17 767 women contributed at least one pregnancy during 3.5 y of the study. Data on cigarette or bidi (rolled tobacco) smoking were collected using a 7-day recall, twice during pregnancy. Associations between smoking status and maternal diet, morbidity profile, household socioeconomic status and serum concentration of retinol, carotenoids and tocopherols were examined. Further, relative risk (RR) and 95% confidence intervals (CI) were calculated to estimate supplement effects on pregnancy-related mortality, stratified by smoking status during pregnancy. Results: Smokers were more likely to be older, illiterate and poor compared to nonsmokers. Fruit and vegetable consumption among smokers and nonsmokers did not vary. However, smokers were more likely to consume meat/fish/eggs and less likely to consume milk than nonsmokers. They were also more likely to report symptoms of vaginal bleeding, edema, severe headache and convulsions during pregnancy relative to nonsmokers. Mortality per 100 000 pregnancies appeared to be higher among smokers than nonsmokers in the placebo group (915 vs 584, RR ¼ 1.57, 95% CI: 0.80-3.08). b-Carotene supplementation reduced pregnancy-related mortality both among smokers (RR ¼ 0.31 95% CI: 0.11-0.89) and nonsmokers (RR ¼ 0.41, 95% CI: 0.19-0.89). Similar results obtained with vitamin A supplementation were not statistically significant. Infant mortality up to 6 months was B30% higher among smokers compared to nonsmokers in the placebo group both before and after adjusting for confounding factors. Neither supplement given to women reduced infant mortality. Conclusions: Cigarette smoking during pregnancy is associated with an increased risk of maternal and infant mortality in rural Nepal. b-Carotene and to some extent vitamin A may reduce the risk of pregnancy-related mortality, but not infant mortality, among both smokers and nonsmokers.
Introduction
Trends in cigarette smoking prevalence in the developing world are on the incline as reflected by per capita consumption increases of 22% in Asia, 24% in Latin America and 42% in Africa (Masironi & Rothwell, 1988) . Tobacco use during pregnancy has been well established as a powerful risk factor for adverse pregnancy outcomes, which include spontaneous abortion (Ness et al, 1999) , intrauterine growth retardation (Roquer et al, 1995; Ahluwalia et al, 1997; Rasmussen & Adams, 1997; Sadler et al, 1999) , preterm delivery (Pollack et al, 2000; Windham et al, 2000) , oral clefts (Lieff et al, 1999; Lorente et al, 2000) and fetal death (Kleinman et al, 1988; Wu et al, 1998a; Tuthill et al, 1999) . Imbalances in nutritional status, both of macro-and micronutrients, have been reported because of cigarette smoking, which may have a role in the pathogenesis of diseases and adverse outcomes related to smoking (Preston, 1991) . For example, circulating and tissue levels of antioxidants such as vitamins E and C and b-carotene are lower among smokers (Dallongeville et al, 1998) . It has also been observed that smokers are less likely to consume fruits and vegetables (Preston, 1991) and that smoking in pregnant women is associated with significantly lower intakes of vitamin C and carotenoids (Mathews et al, 2000) . Regular multivitamin/mineral use has shown to reduce the risk of fetal death associated with smoking in US women (Wu et al, 1998a, b) .
The relation between smoking, nutrition and pregnancyrelated outcomes has not been well examined in third-world settings, where rates of cigarette smoking are increasing and nutritional deficiencies, particularly of micronutrients, are endemic. We had the opportunity to examine these relations in a rural region of Nepal, where, in a randomized, placebocontrolled community trial, low dose, weekly supplementation with vitamin A or b-carotene to women of reproductive age reduced pregnancy-related mortality by 44% (West et al, 1999) . This rural female population residing in the southeastern plains of Nepal has high rates of malnutrition, with 11% of pregnant women developing night blindness, a symptom of vitamin A deficiency (Christian et al, 1998a) , and approximately 75% being anemic and infested with hookworms (Dreyfuss et al, 2000) . Maternal mortality was high at 704 per 100 000 in the placebo group (West et al, 1999) and infant mortality up to 6 months of age was B70/ 1000 in the study area (Katz et al, 2000) . Furthermore, 30% of women reported smoking tobacco during pregnancy. In this paper, we examine dietary, demographic and other environmental factors associated with cigarette smoking in this population. We also examined the risk of maternal and infant mortality associated with exposure to tobacco smoking during pregnancy and the effects of vitamin A or bcarotene supplementation.
Subjects and methods
This paper uses data collected as part of a placebo-controlled, randomized, community-based trial carried out from July 1994 to September of 1997 in 270 wards of 30 village development communities (nine wards in each) of the Sarlahi district located in the southeastern plains of Nepal. The details of the study have been described previously (West et al, 1999; Katz et al, 2000) . Briefly, over a period of 3.5 y, B45 000 women of reproductive age (13-45 y) were randomized by ward to receive weekly, one of the following three supplements: placebo, 7000 mg retinol equivalents (RE) of vitamin A as retinyl palmitate and 42 mg of all trans b-carotene (B7000 mg RE, assuming a conversion ratio of 6:1). Local female workers were hired to distribute the supplements to eligible women in their area. The female workers also ascertained pregnancies by questioning the study participants regarding their period and pregnancy status on a weekly basis. Vital status of live born infants was also assessed up to 6 months of life on a weekly basis.
Once women reported being pregnant, they were enrolled into a protocol of home-based data collection on a 7-day recall of diet, morbidity, work activities and substance use. These data were collected at the time of pregnancy enrolment (B4 months of gestation) and in the third trimester (B7 months of gestation). Women were asked to recall the number of times they had consumed 38 different types of vitamin A-and carotenoid-rich foods from a list that was developed using formative research on commonly consumed sources of vitamin A and b-carotene in this area of Nepal. Previously, we have shown that vitamin A and b-carotene food intakes, using the 7-day food frequency recall, were significantly associated with functional and biochemical indicators of vitamin A status such as maternal night blindness (Christian et al, 1998b) and low serum retinol (West et al, 1999) and carotenoid concentrations (Yamini et al, 2001 ). Mid-upper-arm circumference (MUAC), as a measure of nutritional status, was measured at both times. Data on household socioeconomic status and previous pregnancy and reproductive history were also collected. In three (10%) of the 30 village-development communities, which included 27 wards (nine per treatment group), pregnant women underwent a clinic-based assessment that involved a phlebotomy at the time of enrolment. A measure of 5 ml blood was collected and centrifuged to extract serum for retinol, tocopherol and carotenoid analyses that were performed using high-pressure liquid chromatography (Craft, 1996) at the Center for Human Nutrition at the Johns Hopkins University in Baltimore, MD. Hemoglobin (Hb) concentration in the blood was estimated on the spot using a hemoglobinometer (HemoCue Inc., Mission Viejo, CA, USA).
Maternal and infant vital status was monitored on a weekly basis throughout the duration of the study. In the event of a death, a home-based verbal autopsy questionnaire was administered to the family members of the deceased. At the end of the study, two physicians reviewed the questionnaires and assigned a proximate cause of death using a consensus process.
Exposure
Data on cigarette or bidi (rolled tobacco) smoking were collected using a 7-day recall, twice during pregnancy. Data on number of cigarettes smoked per day were not obtained. However, based on data collected in a subsequent study in the same study area, the average number of cigarettes reported to have been consumed by women per day was 7.5 (Christian et al, unpublished data) . In the present study, exposure to cigarette smoking was defined as the consumption of any cigarettes on one or more days per week during histories taken either in the second or third trimesters of pregnancy. However, 97% of smokers reported to have smoked daily in the previous week, leading us to estimate an average of approximately 50 cigarettes or bidis smoked per week in the study population. In about 11% of pregnancies, smoking status was not available and this did not vary by treatment group.
Statistical analysis
Demographic, socioeconomic, morbidity and nutritional characteristics of smokers and nonsmokers were compared using the w 2 -test. In the 10% subsample of women for whom blood was collected, mean serum retinol, carotenoid and tocopherol concentrations were compared between smokers and nonsmokers using the t-test. Relative risks (RR) and 95% confidence intervals (CI) were calculated for pregnancyrelated mortality and infant mortality through 6 months of age by smoking status within each of the treatment arms.
Using logistic regression analysis, we examined the association of smoking to maternal and infant mortality, adjusted for age, parity, literacy, MUAC, and socioeconomic status (using land and cattle ownership) and alcohol consumption. Further, we also calculated the RR and 95% CI of pregnancyrelated mortality comparing subjects in either of the two treatment groups to those in the placebo group, stratified by smoking exposure.
Ethical approval
The study was reviewed for ethical approval by the Nepal Health Research Council in Kathmandu, Nepal, the Joint Committee on Clinical Investigations at the Johns Hopkins University, Baltimore, MD, and the Teratology Society. Oral informed consent was obtained from the subjects and they were free to refuse supplements or withdraw from the study at any time during its duration.
Results
Out of 44 570 women of reproductive age who were enrolled, 17 767 contributed one or more pregnancy to the study yielding a total of 18 794 pregnancies, or approximately 6000 pregnancies in each of the three treatment arms (Table 1) . Among these, 0.6-0.8% were lost-to-follow-up for vital status assessment within the first 12 weeks postpartum and about 6-7% of infants were lost-to-follow-up within the first 6 months of life. The prevalence of tobacco smoking was 30.3% in the placebo group, 32.0% in the b-carotene group and 29.0% in the vitamin A group (data not shown), yielding an overall smoking prevalence of 30.3%. Mean alcohol consumption prevalence was lower at 11.2%, but was strongly associated with smoking. A significantly higher proportion of smokers (27.1%) reported having consumed alcohol in the past week compared to those who did not smoke (4.2%, Po0.001).
Pregnant women who smoked were more likely to be older, have more children, be illiterate, poorer, and belong to the lower Hindu-castes compared to nonsmoking women (Table 2) . Milk or yogurt consumption was considerably lower among women who smoked during pregnancy than among those who did not. In contrast, animal meat and eggs were more likely to be consumed by smoking women than nonsmoking women. Weekly intakes of other foods were comparable.
Smokers were more likely to report symptoms of severe illness such as vaginal bleeding, edema and severe headache in the last 3 months of pregnancy relative to nonsmokers in all three treatment groups (Table 3 ). The proportion of women with low MUAC (o18.5 cm) was higher during pregnancy among smokers in all three groups. Out of all the nutrients measured in the serum, g-tocopherol, and to some extent a-tocopherol concentrations, were significantly lower during pregnancy among smoking women (Table 4) .
The pregnancy-related mortality rate among smokers was higher (920 per 100 000 pregnancies) than among nonsmokers (590 per 100 000 pregnancies) in the placebo group Cause-specific mortality among women (Table 6 ) by smoking status showed that eclampsia-related deaths may have been higher among nonsmokers compared to smokers. However, both obstetric causes and infection-related causes appeared to be higher among smokers compared to nonsmokers. Cause of infant mortality (Table 7) revealed slightly higher risks of prematurity, and infections such as diarrhea and acute lower respiratory infection as well as malnutrition among smokers compared to nonsmokers.
Discussion
Cigarette smoking during pregnancy is a well-established risk factor for numerous adverse pregnancy outcomes among women of the developed world. This study also showed that cigarette smoking may be associated with an increased risk of pregnancy-related and infant mortality in a developing country (UNICEF, 2000) . b-carotene supplementation resulted in a reduction in pregnancy-related mortality of approximately the same magnitude among smokers and nonsmokers. Although vitamin A supplementation produced similar results, the reduction in mortality was smaller and statistically nonsignificant. Unlike maternal mortality, supplementation with vitamin A or b-carotene had no impact on infant mortality irrespective of maternal smoking status, similar to the lack of an overall effect of supplementation that has been described previously (Katz et al, 2000) . While cigarette smoking can result in increased oxidative stress (Traber et al, 2000; Zhou et al, 2000) , smoking during pregnancy, paradoxically, has been shown to be associated with a lower risk of pre-eclampsia (Conde-Agudelo et al, 1999; Salafia & Shiverick 1999; Conde-Agudelo & Belizan, 2000) . Thus, in the present study the effects of b-carotene Include gastroenteritis (n=6), hepatitis (n=3), sepsis (n=4), tuberculosis (n=4), typhoid (n=1), leishmaniasis (n=1) and other respiratory infection (n=2). b Includes hanging (n=2), snake bite (n=2), burning (n=1) and drowning (n=1). Smoking and pregnancy-related risks in Nepal P Christian et al supplementation among smokers in reducing pregnancyrelated mortality can not be explained through an effect on deaths because of pre-eclampsia. Based on verbal autopsy data available on causes of death, smokers in our population appeared to be at a lower risk of death because of eclapmpsia (19.6 per 100 000 pregnancies) compared with nonsmokers (68.6 per 100 000). Antepartum and postpartum hemorrhage, obstructed labor, and retained placenta as causes of death were, on the other hand, approximately 30-50% more frequently observed among smokers than nonsmokers. Similarly, deaths caused by infections were 70% more common among women who smoked than those who did not. On the other hand, the increased risk of infant mortality among smokers appeared to be more nonspecific and not related to any specific cause per se although prematurity, infectious causes and severe malnutrition related causes in this group tended to be higher. We know that cigarette smoking is a strong risk factor for intrauterine growth retardation and prematurity. It is likely that the increased mortality observed among infants of smokers may in part be mediated through these factors. Sudden infant death syndrome (SIDS) has been associated with maternal smoking (Wisborg et al, 2000; Pollock, 2001) . In the present study, SIDS was not diagnosed clinically. Using verbal autopsy data, physicians assigned cause of death as 'sudden' when no illness was reported prior to death that occurred suddenly. Neither were data on sleeping position collected in the study. Thus, it is likely that this method of cause of death assignment may have lead to substantial misclassification of true SIDS. Further, using this method many deaths were also assigned an 'uncertain' cause, which indicated that sufficient information was not available for the physicians to attribute a specific cause to the death.
It may be argued that cigarette smoking in this population was simply a marker of other risk factors, since women who smoked tended to be older, thinner, belong to poorer, lowcaste families, and have more inadequate diets and nutritional deficiencies than women who did not smoke. The higher pregnancy-related mortality experienced by smokers could then be attributed to these associated risk factors rather than to the risks posed by cigarette smoking itself. This argument may be flawed for two reasons, the first being that b-carotene supplementation appeared to modulate the excess risk of dying among smokers (RR ¼ 1.57 in the placebo group compared to 1.18 in the b-carotene group). It is unlikely that a nutritional intervention such as b-carotene supplementation could ameliorate the causal effects of the various socioeconomic risk factors associated with smoking cigarettes. Second, in our multivariate analysis, controlling for risk factors significantly associated with pregnancyrelated mortality including MUAC, maternal age, parity, alcohol consumption and socioeconomic status had no effect on the protective effect of b-carotene on mortality of smoking mothers.
Smoking can lower the availability and increase the requirement of various nutrients such as vitamins B 12 , and C, folate, iron and zinc (IOM, 1990) . Increased utilization of antioxidants such as vitamins E and C may contribute to low circulating concentrations of these antioxidants in smokers (Preston, 1991; Cross et al, 1999; Traber et al, 2000) . On the other hand, smoking is associated with consumption of a less healthy diet in pregnant women (Haste et al, , 1991 Trygg et al, 1995; Dallongeville et al, 1998) in settings where food availability and access are adequate. One study found that while smokers had lower intakes of most micronutrients, only intakes of antioxidants, especially vitamin C and carotenoids, were found to be significantly depressed after adjustment (Mathews et al, 2000) . It was surprising that none of the circulating concentration of antioxidants (except gtocopherol) differed by smoking status. It is possible, however, in this rural population in Nepal, that consumption of fruits and vegetable sources of antioxidant vitamins is universally low, as revealed by extremely low concentrations of many carotenoids, and less likely to vary by smoking status. The poorer nutritional status exhibited by smokers in the present study may be related to, apart from consuming a poor diet, higher infection rates and work load and other factors, all of which may be related to the different lifestyle and socioeconomic background of women who were smokers compared to nonsmokers. Paradoxically, reported consumption of animal protein was higher among smokers relative to nonsmokers. This may be because smokers tend to come from low-caste families among whom meat consumption is more prevalent than among the high-caste Hindus, who are more likely to be vegetarians because of religious reasons. Also, consumption of meat/fish, alcohol and smoking can all occur together within the context of a social gathering among relatives and friends. However, the low frequency at which meat and fish consumption (B1/ week) is reported is unlikely to have a substantial impact on the nutritional value of the diet. Milk, on the other hand, is a high prestige expensive food that was less likely to be consumed by smokers.
There are two main limitations of this analysis. One is the lack of adequate quantification of smoking exposure. While we were able to classify women as smokers or nonsmokers based on self-reported histories of smoking during pregnancy, individual-level data on numbers and type of cigarettes consumed were not collected. Further, women's lifetime risk of smoking was not obtained. The second limitation was the lack of power to demonstrate a statistically significantly higher risk of pregnancy-related mortality, an extremely rare event. We did, however, have adequate power to show an elevated risk of infant mortality because of maternal smoking, which was sustained even after adjusting for numerous confounding factors.
While discontinuing smoking during pregnancy is to be recommended strongly to prevent adverse birth outcomes, there is some evidence to suggest that this may not completely prevent deficits in birth length and ponderal index (Lindley et al, 2000) . Data from the 1998 National Maternal and Infant Health Survey showed that while multivitamin/mineral supplement use did not modify the effect of maternal smoking on birth outcomes (Wu et al, 1998b) , it was significantly associated with reduced fetal mortality (Wu et al, 1998a) .
Our study brings forth evidence for a likely beneficial effect of b-carotene supplementation in modifying the risk of pregnancy-related mortality both associated and disassociated with cigarette smoking in undernourished mothers. It is important to note that we used b-carotene in amounts recommended to meet the daily requirements of vitamin A for pregnant or lactating women (42 mg/week), and not in large amounts (20-30 mg/day) used in randomized trials which increased the incidence of and death from lung cancer and cardiovascular disease in older, predominantly male, heavy smokers and workers exposed to asbestos in developed countries (The Alpha-tocopherol Beta-carotene Cancer Prevention Study Group, 1994; Omenn et al, 1996) .
The major results of the study suggest that (1) cigarette smoking was associated with an increased risk of pregnancyrelated and infant mortality, (2) supplementation with b-carotene, and to some extent vitamin A, decreased pregnancy-related mortality among both smokers and nonsmokers and (3) neither supplement had any effect on the infant mortality among smokers or nonsmokers. The mechanisms of effects, especially that of b-carotene need elucidation, although its antioxidant properties may have some role.
